Recent progress in the field of multiferroics led to the discovery of many new materials in which ferroelectricity is induced by cycloidal spiral orders. The direction of the electric polarization is typically constrained by spin anisotropies and magnetic field. Here, we report that the mixed rare-earth manganite, , exhibits a spontaneous electric polarization along a general direction in the crystallographic ac plane, which is suppressed below 10 K but re-emerges in an applied magnetic field. Neutron diffraction measurements show that the polarization direction results from a large tilt of the spiral plane with respect to the crystallographic axes and that the suppression of ferroelectricity is caused by the transformation of a cycloidal spiral into a helical one -a unique property of this rare-earth manganite. The freedom in the orientation of the spiral plane allows for a fine magnetic control of ferroelectricity, i.e. a rotation as well as a strong enhancement of the polarization depending on the magnetic field direction. We show that this unusual behaviour originates from the coupling between the transition metal and rare-earth magnetic subsystems.
state. The presence of dielectric anomaly in both ε a and ε c at 5 K indicates that the low temperature state is a new polar phase (see Supplementary Fig. 5 ). The suppression of the ferroelectric spiral ordering of Mn spins by the R magnetic ordering is unique to this compound.
It may be mentioned here that the suppression of polarization reported in Gd 0.7 Tb 0.3 MnO 3 is due to transition from cycloidal to non-polar A-type antiferromagnetic phase [22] .
Effect of magnetic field on the polarization (P a and P c ). In the magnetic field applied along the a-direction, is suppressed while increases along with the recovery of the low temperature polarization (Fig. 2a,b ). As in DyMnO 3 , and show high sensitivity to the applied magnetic field near the flop transition (see insets of Fig. 2a,b ) the so-called giant magneto-capacitance effect [2] . The ferroelectric Curie temperature increases by about 4 K under the magnetic field of 8 T. When the magnetic field is applied along the b axis, both the Curie temperature and polarization (P a and ) increase monotonously with (Fig. 2c,d ). At T and 2 K, µC·m -2 , which is 25 times larger than the zero-field value and is comparable to the polarization in the ab spiral state of DyMnO 3 [11] . While H b in TbMnO 3 and DyMnO 3 induces the flop transition from the bc-spiral to the ab-spiral state [2, 11] , no flop transition is found in GDMO: remarkably, the polarization along the c-axis, , also increases: at T it is five times larger than in zero field (Fig. 2c ). The behavior observed in H c is similar to that in H b , except that the growth of P a is less dramatic (See Supplementary Fig. 6 for P a , P c (H||c)). Furthermore, P a has a maximum around 3 T and decreases upon further increase of magnetic field. The polarization along b-direction is shown in Supplementary Fig. 7 .
Neutron diffraction results in polycrystalline 160 Gd substituted GDMO. In order to understand the unusual temperature and magnetic field dependence of spontaneous polarization, we have carried out neutron powder diffraction studies of 160 Gd substituted GDMO. The refinement of the nuclear structure within the Pbnm1' space group returns good agreement factors between the observed and calculated data as shown by the Rietveld plots in Supplementary Fig. 8 . The refinement of the average occupancy of the A site is in agreement with the nominal composition and details of the nuclear refinement are reported in the supporting information (Supplementary Table 1 and 2) . Below a set of new reflections, ascribable to magnetic ordering of the Mn sublattice, is observed and indexed with a propagation vector k = (0 0.308(4) 0). An attempt to refine the observed diffraction pattern with a spin density wave (SDW) aligned with one of the unit cell directions, gives poor results. For this reason the SDW axis was allowed to rotate in the ab plane and a good agreement with the data (see Supplementary Fig. 9 ) was obtained with the moment approximately aligned along the [120] direction with an amplitude of 2.83(9) μ B at 25 K (see Supplementary Fig. 10 ). The magnetic ordering is described by a non-polar space group, point group 2/m1' (a detailed description of the symmetry analysis is reported in Supplementary Table 3 from P a to P c , above , when magnetic field is applied along the a direction. Interestingly, the value of the propagation vector along the b direction remains unchanged between the collinear and the cycloidal phases, in contrast with the other orthorhombic rare earth manganites.
Below 10 K a clear rise of diffuse scattering in the diffraction data is observed (see Supplementary Fig. 12 ) indicating the setting in of short range correlations. From the intensity of the diffuse scattering, heat capacity and magnetization measurements (see Fig. 1 (a),(b)) it is possible to conclude that below a short range ordering of the rare earth moments develops.
Moreover a new set of satellite reflections is observed, which can be indexed with the same propagation vector as the cycloidal structure. In particular, the observation of the 000+k and 110-k magnetic reflections, absent in the cycloidal phase, suggests the presence of a sizable magnetic component perpendicular to the propagation vector direction characteristic of a helical phase.
The best refinement of the neutron data at base temperature is obtained within the same space group of the cycloidal phase (see Supplementary Fig. 13 ) and the resulting magnetic structure is drawn in Fig. 3(d) , (e) and (f). The structure is characterized by a spiral spin arrangements with the spin rotating in the (041) and (04-1) planes alternating along the c-axis (see Fig. 3 (e) and (f)), with an ordered moment of 3.17(11)  B . This spiral structure can be decomposed into a large non-polar helical component perpendicular to the propagation vector direction and a smaller polar cycloidal component. The magnetic structure and the point group m1' are consistent with the pyrocurrent measurements indicating a strong decrease of the spontaneous polarization but still a finite value of P a and P c . The finite value of the electrical polarization is due to the "cycloidal" part of the magnetic structure induced through the spin-current mechanism [13] [14] [15] , whereas the large helical component perpendicular to the propagation vector is nonpolar since the parent space group (Pbnm) is not a ferro-axial group [27] . Owing to the larger helical 05-Mar-19 component we will call this phase pseudo-helix (p-helix) below. It is worth stressing that the phelix phase is still described in the same superspace group as the cycloidal one, since the magnetic symmetry do not constrain the phase relations between the different sinusoidal components, meaning that the phase transition between the two phases can occur with a continuous rotation or with a sudden jump of the cycloidal plane in an isostructural phase transition. Unfortunately, our diffraction data combined with the fact that the two phases have the same propagation vector, do not allow discriminating between the two cases. In order to study the role of the R-ions short range ordering of on the Mn spin and the strong increase in the electric polarization in the p-helix phase under external magnetic field, a series of in-field powder neutron diffraction experiments were performed. The increase of the applied magnetic field induces a clear decrease of the diffuse scattering with a concomitant increase of the diffracted intensity on some nuclear reflections as shown in Supplementary Fig. 14 . These magnetic contributions, with the k = 0 propagation vector, are ascribable to a ferromagnetic polarization of the R-ion as also observed in the macroscopic magnetization measurements ( Fig.   1(b) ). As shown in Fig. 4 , from the integrated intensity of the 110 reflection, the ferromagnetic polarization of the R-ions can be obtained both above and below . More interesting is the effect of the applied field on the Mn sublattice ordering. intensity of the 000+k and 001+k satellite reflections, characteristic of the p-helix and cycloidal phase respectively, versus the applied field above and below . It clearly demonstrates that the application of an external magnetic field below induces the transition from the p-helix phase to the cycloidal one as indicated by vanishing 000+k satellite reflection, explaining also the strong increase of the polarization along the a and c axes. In contrast, the application of the magnetic field above the short range ordering of the R-ions does not change the cycloidal plane of the Mn spins, as shown by the integrated intensity of the magnetic satellites at 11 K (Fig. 4) .
Electric polarization in the p-helix phase. The relatively small remnant polarization (~100 μC/m 2 ) is associated with the p-helix state. The presence of such a small polarization is demonstrated by our detailed pyroelectric current measurements as discussed below. The first evidence comes from pyrocurrent measurements with different poling intervals ( Fig. 5(a) ). For the poling intervals 8-2 K and 7-2 K, we see negative and positive pyrocurrent peaks corresponding to the appearance and disappearance of Mn polarization, respectively, similar to those observed for 30-2 K poling interval (the inset in Fig. 2c ), except that the pyrocurrent values are smaller because the poling is done well below the Curie temperature. On the other hand, for the poling interval 6.5 -2 K, we observe only a negative peak at . This negative peak is not related to the disappearance of Mn polarization but indicates a polar state associated with the helical ordering. In order to further explore the polar nature of the lowtemperature phase, we have measured pyrocurrent under various magnetic fields for the same poling interval. Figure 5(b) shows the suppression of the low-temperature polarization by magnetic field related to changes in the R-spin structure, which correlates with the metamagnetic behavior shown in Fig. S1 . The small negative pyrocurrent peaks at in Fig. 5(b) , corresponding to the Mn spiral ordering, are induced by the depolarization current at . At T, the low-temperature polar phase disappears and so does the peak at . It can be noted here that the polarization obtained by integrating the pyrocurrent in zero field (inset of Fig.   5(b) ) is comparable to the remnant polarization at 2 K (Fig. 2) . The ferroelectric nature of the low-temperature state is further supported by the magnetic field dependence of the current measured at 2 K (Fig. 5(c) ) showing a negative peak at ~ 1.1 T and a positive peak at ~1.5 T. These peaks correspond to disappearance of the low-temperature polarization and appearance of the spiral-induced polarization, respectively.
To further confirm the presence of small polarization in the low-temperature state, we have employed a different pyrocurrent (DC-bias) measurement [28] . In our measurement, the sample was cooled down to 2 K and the current was recorded in presence of an applied electric field (5.6 kV/cm) while warming in various magnetic fields (H‖a) [ Fig. 5(d) ]. In zero field, we observe a positive peak at 6 K followed by a small negative peak near 7 K, corresponding to the polarization and depolarization currents, respectively, which confirms the independent origin of ferroelectric order in the low-temperature state and is consistent with the dielectric anomaly at ( Fig. 1(c) , (d) and Supplementary Fig. 5 ). Similarly, we observe the polarization and depolarization currents due to the spiral ordering of Mn-spins at 10.5 K and 17 K, respectively.
Under magnetic field, we see that the low-temperature polarization peaks are suppressed and only the peaks associated with the Mn spiral ordering remain.
Discussion
We summarize the temperature and magnetic field dependence of polarization in Fig. 6 . For magnetic field applied along the a-direction, P a and P c at 10 K clearly demonstrate the switching of polarization direction from P a > P c to P c > P a related to rotation of cycloidal plane towards the 05-Mar-19 bc plane. At 2 K, P a is small because the cycloidal component in the p-helical ground state is small. The application of the field at 2 K induces the transition to the cycloidal phase, by destroying the short range AFM ordering of the R-ion, that will be in the same orientation at 10 K and hence with P c big and P a small. P c follows switching behavior at 10 K from P a ~ P c to P c > P a . On the other hand, P a under H||b shows a gigantic enhancement reaching a value (2500 μC/m 2 ) comparable to the maximum polarization reported for DyMnO 3 . A schematic phase diagram is provided in Fig. 7 in order to show the various competitive magnetic phases with magnetic field and temperature. 
Methods
Experimental. Single crystals were grown by the floating zone method and the phase purity of the grown crystal was confirmed by powder x-ray diffraction technique (Bruker D8 advance).
For this purpose, small pieces were cut from the crystal boule and ground into fine powders.
Crystal homogeneity was confirmed by optical microscopy under polarized light and scanning electron microscopy (Zeiss Ultra Plus, Germany 160 Gd isotope on the high-resolution powder diffractometer "WISH" at ISIS, UK [30] .
The Jana2006 software were used to perform the Rietveld refinements of the neutron data whereas group theoretical calculation were carried out with the help of the ISODISTORT 
